The polyopisthocotylean Sparicotyle chrysophrii (Van Beneden et Hesse, 1863) was experimentally transmitted to gilthead seabream (Sparus aurata L.) by exposure to eggs (EGT) and by cohabitation with naturally parasitized fi sh (CT). In EGT trials, the infection was successfully transmitted by introducing containers with monogenean eggs in the fi sh tanks, with the highest infection level (85.7% prevalence, 3.3 mean intensity) achieved at 6 weeks post exposure (p.e.) to the infection dose of 650 eggs per tank. In CT trials, the progression of the infection was faster and reached higher levels than in EGT. When using small fi sh juveniles (30 g) (CT-2), infection reached 100% prevalence (mean intensity 8 monogeneans/fi sh) at 5 weeks p.e., but no eggs could be found in the fi sh even 10 weeks p.e. By contrast, when larger juveniles (150 g) were used (CT-1), infection levels were lower, but mature adults with eggs were detected starting from 8 weeks p.e. The effect of the parasite on the condition factor, haematocrit, haemoglobin concentration (Hb), red blood cell counts, mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin content (MCH) and mean cellular volume (MCV) of infected fi sh was studied in CT trials. The infection produced hypochromic anaemia, since Hb concentration signifi cantly decreased at 5 and 10 weeks p.e. in CT-2 and at 8 weeks p.e. in CT-1. MCHC was signifi cantly lower in parasitized than in control fi sh at 5 and 8 weeks p.e. in CT-2 and CT-1, respectively. Also in CT-1, MCH was lower and circulating immature erythrocytes, granulocytes and plasma cells were higher in infected fi sh than in control ones at 8 weeks p.e. The histopathological effects of the monogenean on the gills of naturally infected fi sh consisted of lamellar shortening, clubbing and synechiae. The proliferation of the epithelial tissue produced fusion of secondary lamellae, and abundant chloride cells were observed.
Polyopisthocotyleans are pathogenic to economically important fi sh around the world (Thoney and Hargis 1991 , Ernst et al. 2002 , Ogawa 2002 , Hayward 2004 , Hutson et al. 2007 ). Amongst them, Sparicotyle (syn. Microcotyle) chrysophrii (Van Beneden et Hesse, 1863) is one of the most threatening ectoparasites for gilthead seabream (Sparus aurata L.) culture. It has been reported to produce mortalities in farmed fi sh (Faisal and Iman 1990 , Sanz 1992 , Alvarez-Pellitero 2004 , and it is frequently found in mixed infections with other parasites and bacterial infections (Padrós and Crespo 1995 , Cruz e Silva et al. 1997 , Caffara et al. 2005 . Previous parasitological surveys have shown its high prevalence in sea cages (Diamant 2001 , Mladineo 2005 , Fioravanti et al. 2006 , Vagianou et al. 2006 , but data differ greatly depending on the surveyed geographical area. Parasite invasion in sea cages is more diffi cult to control than in other type of facilities. The limited use and effi cacy of chemicals and drugs for treatment makes the situation even more diffi cult to handle (Sitjà-Bobadilla et al. 2006) .
Under these culture and epidemiological circumstances, effective management strategies to prevent monogenean epizootics need to incorporate accurate knowledge of the mode of transmission and host-parasite interaction (Altizer et al. 2006) . Several experimental transmission trials have been used for other microcotylids, with variable results depending on the host-parasite model, the infective dose and the type of transmission. Thus, specifi c information has to be obtained for each host-parasite system, and this is lacking for S. chrysophrii. Furthermore, disease signs commonly reported by fi sh farmers and fi sh pathologists include lethargy, emaciation and anaemia, but there are no data on the actual histopathological and haematological effects of this monogenean in parasitized fi sh. Thus, the aim of this work was to determine the dynamics of the transmission of S. chrysophrii under laboratory conditions and the pathological effects on naturally and experimentally infected gilthead seabream.
MATERIALS AND METHODS
Fish and experimental design. Naturally infected gilthead seabream were obtained from commercial fi sh farms and maintained at the facilities of the Instituto de Acuicultura de Torre de la Sal (IATS), in 500-litre fi bre-glass tanks. Upon arrival, 10 fi sh per sampled stock were killed and their gills examined to ascertain the presence of the parasite. Fish from infected stocks were used both as a source of parasite eggs, and as donor fi sh (D) in the cohabitation trials. In addition, the gills of some of these naturally infected fi sh were used to study the histopathological effect of the monogenean with light microscopy (LM). Non-parasitized fi sh were also obtained from commercial farms and, after assessing the absence of the monogenean, they were used as recipient (R) fi sh.
Two types of transmission trials were performed: by contact with S. chrysophrii eggs (EGT) and by cohabitation (CT) with parasitized animals. The source of infection in each trial, as well as the experimental conditions are explained below. Unless otherwise stated, all experimental tanks received sand and meshfi ltered (10 μm) seawater (standard fl ow-through supply from a pump on shore, 37.5‰ salinity, fl ow = 20 l/min), with an oxygen content higher than 85% saturation. Water was heated when necessary in order to keep temperature always above 18 °C. Water temperature range in each transmission trial is indicated in Tables 1 and 3 . Photoperiod followed the natural cycle at IATS facilities (40°5´N, 0°10´E) and all fi sh were fed daily a commercial dry pellet diet at about 1% of body weight.
Parasite diagnosis. The presence of S. chrysophrii was detected by two methods (F, S). For the fresh (F) diagnosis, fi sh were slightly anesthetized with MS-222 (Sigma, Saint Louis, MO) (100 mg/l) and gill scrapings taken from the external-most gill arch (gill arch I) were examined using LM. The fi rst arch was selected because it is the most parasitized with respect to the remaining arches (Oliver 1984) . The F method was used in the fi rst samplings of some trials to provide an initial estimation of the progression of the infection and for selecting the timing of the subsequent lethal samplings in which a more precise diagnosis method was applied (S method, see next). For the stereomicroscope (S) diagnosis, fi sh were killed by a blow on the head under anaesthesia (MS-222, 100 mg/l), bled to diminish blood content in gills, all their gills arches excised and examined under the stereomicroscope. In both cases, the number and type of stages of the monogenean were recorded. With both methods, the prevalence and the mean intensity of infection of the parasite were calculated according to Bush et al. (1997) . When using the F method, intensity of infection was semiquantitatively evaluated following a conventional scale from 1+ to 6+, according to the number of monogeneans per squash (40 observational fi elds) at ×120 (1+ = 1-2 parasites; 2+ = 3-5; 3+ = 6-8; 4+ = 9-11; 5+ = 12-14; 6+ ≥ 15). Intensity was quantitatively registered (number of monogenean specimens per fi sh) with the S method.
Histopathology. The damage invoked by the monogenean was studied in naturally parasitized fi sh (D) coming from commercial cage farms and kept at IATS facilities. After necropsy, gills were fi xed in 10% neutral buffered formalin, dehydrated in graded ethanol series following standard histological procedures, embedded in Technovit resin (Kulzer, Heraeus, Germany), 2 μm-sectioned, stained with toluidine blue and examined with LM.
Egg-transmission (EGT). Sparicotyle chrysophrii eggs were harvested from tanks holding parasitized fi sh. For this purpose, a PVC ring provided with a 250 μm-mesh was left for 2-3 days fl oating on the water at the upper layer of the tank. After washing the mesh with seawater (SW), the resulting volume was left to settle down for 1 h in a 1-litre graded cylinder, and the obtained sediment was screened under a stereomicroscope. The collected eggs were immersed in Petri dishes containing sterilized SW with an antibiotic-antimycotic mixture (100 U ml -1 penicillin, 100 μg ml -1 streptomycin and 0.25 μg ml -1 amphotericin B) (SW-PSA) to prevent bacteria and fungi proliferation, and counted. SW-PSA did not affect egg hatching (Sitjà-Bobadilla et al. 2006) . Eggs were used in two different transmission trials, as detailed below.
In EGT-1 and EGT-2 trials, PVC cylinders provided with a 500 μm-mesh at both sides were set fl oating horizontally in a 90-litre tank holding R fi sh. The cylinders contained 350 and 650 eggs, respectively, and were designed to allow hatching larvae to exit and get in contact with fi sh. During the fi rst hour water fl ow was closed and then, the fl ow was set to the minimum to favour contact of any recently hatched larvae and to assure fi sh survival along the experiment. The cylinders were left in the tanks until the end of the trial. At this time, they were opened to check egg hatching. Control (CTRL) fi sh not exposed to eggs were kept in another tank.
At different times post exposure (p.e.), R and CTRL fi sh were sampled for the detection of the monogenean. Details on the host weight and samplings of the three trials can be found in Table 1 .
Transmission by cohabitation (CT). The initial parasite burden of D fi sh was determined by examining fi sh with the S method before starting the cohabitation, and R fi sh were marked with passive integrated transponder (PIT) tags to differentiate them. PIT-tags were injected into the dorso-lateral musculature of the fi sh with a commercial pistol implanter (Trovan, Spain) producing no harm or behaviour alteration. Fish were identifi ed by a portable reader (LID-560, Trovan) passed over their surface when sampled. Two cohabitation trials were performed. In CT-1, Table 1 . Transmission trials of Sparicotyle chrysophrii by contact of gilthead seabream (Sparus aurata) with monogenean eggs. Data on the resulting infection in receptor (R) fi sh and sampling methods are provided. P = prevalence; MI = mean intensity. three replicated 500-litre tanks with D (n = 56) + R (n = 30) fi sh/ each were set up. Another tank was set as control (CTRL) with non-parasitized fi sh kept under the same conditions, but without contact with D fi sh. Gill samples of R fi sh (7/replicate) were taken at 3 and 5 weeks p.e. and diagnosed by the F method. At 8 and 20 weeks p.e., R and CTRL fi sh were killed, diagnosed by the S method, and blood was taken from the caudal vessels with heparinised syringes for haematological determinations. In CT-2, R and CTRL groups were also set up (one replicate/group; 200-litre tanks). Fish from both groups were sampled (n = 7) at 5 and 10 weeks p.e., diagnosed by the S method and blood was taken for haematological determinations.
In all the samplings involving the S method, animals were weighed, measured and the condition factor (CF) was calculated with the formula: (weight/length 3 )*100. Details on the experimental conditions can be found in Tables 2 and 3 .
Haematology. In CT samplings involving the S method, heparinised blood was kept on ice and used immediately for the measurement of haematological parameters. The haematocrit level (Hc) was measured after centrifugation of the blood in heparinised capillary tubes at 1500 g for 30 min. Haemoglobin concentration (Hb) was determined with a HemoCue B-Haemoglobin Analyser ® (AB, Leo Diagnostic, Sweden), which uses a modifi ed azide methaemoglobin reaction for haemoglobin quantifi cation. Blood was drawn into disposable microcuvettes which contain reagents in dried form that produce the red blood cell lysis and the conversion of haemoglobin to methaemoglobin by sodium nitrate, which is then combined with azide. The absorbance of the azide methaemoglobin is then photometrically measured at 565 nm and 880 nm. Red blood cell (RBC) counts were made in a Neubauer chamber, using an isotonic solution (1% NaCl). Mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin content (MCH) and mean cellular volume (MCV) were also calculated. In addition, at the 8-weeks sampling (CT-1), blood smears were obtained and stained with May-Grünwald Giemsa. In stained smears, leucocytes, thrombocytes and immature erythrocytes were counted and calculated with reference to the number of RBC per mm 3 . In addition, white cell composition was determined, distinguishing neutrophils, eosinophils, lymphocytes, monocytes and plasma cells according to their morphology, size and staining characteristics as established by López-Ruiz et al. (1992) .
Statistics. A student t-test or a Mann-Whitney rank sum test was used to compare the biometrical and haematological values of CTRL and R fi sh in CT trials. All statistical analyses were performed using Sigma Stat software (SPSS Inc., Chicago, IL), and the minimum signifi cance level was set at P<0.05.
RESULTS
Parasite transmission. Table 1 shows the results of the EGT trials. The parasite was transmitted by leaving eggs fl oating inside cylinders, and the highest infection level (85.7%) in R fi sh was obtained with the highest egg dose (EGT-2) at 6 weeks p.e. At this time, all the stages (juveniles, adults and eggs) were present, but the parasite disappeared at the last sampling (9 weeks p.e.). At the end of EGT trials, no unhatched eggs were present in the containers.
Transmission by cohabitation resulted in higher infection levels than by EGT (Table 3 ). In CT-1, using large R juveniles (150 g), the infection progressed slowly, but it was maintained even 20 weeks p.e. By contrast, in CT-2, with smaller R juveniles (30 g), the parasite was established earlier, reaching 100% in just 5 weeks. Parasites matured progressively in CT-1, with only juveniles (Fig. 1 ) being detected at 3 weeks p.e., and adults ( Fig. 2) and eggs ( Fig. 3 ) appearing progressively at subsequent samplings. In CT-2, no eggs were detected, even 10 weeks p.e.
Haematological study. In CT-1, R fi sh showed signifi cantly lower levels of Hb, MCH and MCHC, and signifi cantly higher values of immature erythrocytes, total leucocytes, neutrophils, eosinophils and plasma cells than CTRL animals at 8 weeks p.e. (Table 4 ). In CT-2, haemoglobin was also signifi cantly lower in R fi sh than in CTRL ones at 5 and 10 weeks p.e., and MCHC was signifi cantly decreased at 5 weeks p.e. as well (Table 5) . In both trials, no signifi cant differences between R and CTRL fi sh were found in CF.
Histopathological study. Sparicotyle chrysophrii was fi rmly attached to the gill fi lament by its paired haptoral clamps (Figs. 4, 5) , each single lamella being grasped by each clamp (Figs. 6, 7) . The larger the fl uke body, the higher the number of clamps that could attach to the epithelium. The haptor of a single adult specimen was capable of broaching at least 41 lamellae. Occasionally, adults were attached simultaneously to two neighbouring fi laments (Fig. 8) . The fi rm gripping of lamellae by clamp sclerites produced lamellar synechiae at the site of attachment (Figs. 6, 7) and lamellar clubbing, which could result in the disruption of the epithelium and marginal blood vessels. The epithelium grasped by the clamps showed no apparent host cellular reaction. When the parasite detached from the fi lament, lamellar shortening and clubbing was even more evident (Figs. 9, 10) . The most characteristic cellular reaction consisted of a proliferation of the epithelial tissue resulting in the fusion of the secondary lamellae (Fig. 9) . No leucocytic infi ltration or necrosis was observed, but abundant chloride cells were evident (Figs. 9, 10) . The monogenean body, due to its large size, also produced compression of the lamellar structure (Fig. 11) . Epitheliocystis was also present in the gills of few Sparicotyle-infected fi sh (Fig. 11) .
Sitjà-Bobadilla, Alvarez-Pellitero: Sparicotyle chrysophrii infection of Sparus aurata 
DISCUSSION
Sparicotyle chrysophrii was successfully transmitted to naïve gilthead seabream by egg exposure (EGT) and cohabitation (CT) with parasitized fi sh. In EGT trials by keeping the eggs until the end of the experiments in the tanks within an appropriate container in which eggs can mature, hatched larvae were capable of infecting fi sh, and a clear effect of the exposure dose was observed. The obtained prevalence of infection was high, notably in EGT-2, but the intensity of infection was lower than in naturally parasitized gilthead seabream. This experimental procedure was chosen in an effort to mimic the conditions in sea cages, in which larvae from eggs laid progressively can hatch gradually and settle in fi sh in successive infective waves. However, the data obtained in EGT trials showed the diffi culty to achieve high numbers of eggs and high intensity of infection in receptor fi sh. Similarly, the exposure of Sebastes schlegeli to embryonated eggs of Microcotyle sebastis resulted in 100% prevalence in three weeks, but with lower number of parasites than in naturally infected fi sh (Kim and Choi 1998). According to the available data, the exposure of fi sh to larvae of monogeneans results in variable levels of infection depending on the host-parasite model (Rubio-Godoy and Tinsley 2002, Glennon et al. 2007 ). As in the present study, a clear larval dose-effect on parasite settlement was observed in tiger puffer (Takifugu rubripes) exposed to oncomiracidia of Heterobothrium okamotoi (Chigasaki et al. 2000) . A pattern of initial increase and then decline in infection, as found in EGT-3, has also been observed in other monogenean infections (Mansell et al. 2005 ) and under other experimental conditions in gilthead seabream (Sitjà-Bobadilla et al. 2006) . Some authors have suggested that this decline could be due to the immune response of the host and the development of resistance (Sterud et al. 1998 , Linderstrøm and Buchmann 2000 , Mansell et al. 2005 , Rubio-Godoy and Tinsley 2008b .
In CT trials, the progression of the infection was faster and reached higher levels when using smaller fi sh (CT-2 vs CT-1), in spite of the lower infective pressure (D/R ratio = 0.5 in CT-2 vs 1.86 in CT-1). It is likely that the respiratory water current of the larger fi sh was stronger than that of smaller fi sh and therefore hampered the settlement of the oncomiracidia, or the larger fi sh just have a higher immunocompetence. Although the prevalence of infection reached high levels (100% in CT-2 and 77.8% in CT-1), the intensity of infection was again low and far from the values registered in fi sh from outbreak samplings in the Spanish Mediterranean (with a maximum mean value of 70.6 monogeneans per fi sh) (Sitjà-Bobadilla, Redondo and Alvarez-Pellitero, unpublished results). Therefore, the experimental conditions for the CT did not mimic closely enough the cage-culture conditions. This could be due to a lower fi sh density in the tanks than in the cages, and to the characteristics of the tanks, which offer Table 5 . Condition factor (CF) and haematological values (mean ± SEM) of control (CTRL) and receptor (R) gilthead seabream (Sparus aurata) after 5 and 10 weeks post exposure (p.e.) to Sparicotyle chrysophrii by cohabitation (CT-2).
5 weeks p.e. 10 weeks p.e. CTRL R CTRL R CF 2.3 ± 0.06 2.4 ± 0.05 1.6 ± 0.1 1.8 ± 0.03
Hb (g/dl) 6.5 ± 0.3 4.9 ± 0.4* 5.4 ± 0.2 4.6 ± 0.2* Hc (%) 35.8 ± 3.3 30.9 ± 3.2 34.7 ± 2.2 36 ± 3.5 MCHC (g/l) 186.6 ± 6.6 162.9 ± 4* 159.8 ± 7.9 133.1 ± 12.1 Statistically signifi cant difference between R and CTRL at P<0.05 (*). For explanations of abbreviations see Table 4 .
Figs. 1-8. Light microscopy images of Sparicotyle chrysophrii obtained from lactophenol-mounted (Figs. 1-3 ) or fresh specimens (Fig. 4) , and toluidine blue-stained sections of gilthead seabream (Sparus aurata) gills (Figs. 5-8) . Fig. 1 . Juvenile specimen. Fig. 2 . Detail of the haptor of an adult specimen. Fig. 3 . Detail of an adult specimen with one egg. Fig. 4 . Nomarski view of the clamps from an adult specimen. Note the different size of the clamps depending on their position in the haptor. Fig. 5 . Transverse section of a clamp. Fig. 6 . Detail of the clamp-lamellae interaction in a zip-mode. a less favourable surface for the entanglement of the long and hook-ended fi laments of the eggs of the parasite than the culture nets. By contrast, Seriola lalandi was successfully infected by cohabitation with Zeuxapta seriolae-parasitized fi sh, reaching a peak of 565.9 monogeneans/fi sh at 4 weeks (Mansell et al. 2005) .
The haematological study performed in CT trials clearly demonstrated that the parasite induces anaemia, even with low intensity of infection. Hb concentration was signifi cantly lower in R than in CTRL fi sh at 5 and 10 weeks p.e. in CT-2 trial, in small gilthead seabream harbouring an average of 8 and 4.7 monogenean specimens, respectively, and also in larger R juveniles at 8 weeks p.e., with infection levels as low as 2.2 specimens/fi sh (CT-1). A negative correlation was established between the number of parasites and Hb levels in Japanese fl ounders (Paralichthys olivaceus) infected by the diclidophorid Neoheterobothrium hirame (Mushiake et al. 2001) and S. lalandi infected by Z. seriolae (Mansell et al. 2005) . The two indicators of the amount of haemoglobin in red blood cells (MCH, MCHC) were also signifi cantly lower in R fi sh in CT-1, which indicates that erythrocytes were hypochromic. Hypochromic anaemias usually overlap with microcytic anaemias, but this was not the case, since MCV was not reduced in infected fi sh. Total RBC counts were similar in R and CTRL fi sh, but immature erythrocytes were signifi cantly higher in R fi sh in CT-1. Similarly, immature erythrocyte appeared frequently in Japanese fl ounder naturally (Mushiake et al. 2001 ) and experimentally infected with N. hirame (Yoshinaga et al. 2001) . Any considerable acceleration of the rate of erythrocyte production is generally accompanied by the appearance of less mature forms in the blood stream (Dawson 1933) . Therefore, it can be deduced that the loss of red blood cells produced by the parasite is initially compensated by the activation of haematopoiesis, leading to the increased appearance of immature erythrocytes in circulating blood, which carry lower amounts of haemoglobin. Recently, a histopathological study of splenic melanomacrophage centres has revealed not only a dramatic increase in their number in Sparicotyle-infected gilthead seabream, but also an increased content of haemosiderin within them, which is probably due to a high catabolism of damaged erythrocytes (De Vico et al. 2008) .
Anaemia is a common effect of blood-feeding ectoparasites and can lead to the death of their hosts due to their diminished capacity for oxygen transport. Other disease signs commonly reported are gill paleness, plasma metabolite changes, and reduced swimming performance Figs. 9-11. Light microscopy images of Sparicotyle chrysophrii from toluidine blue-stained sections of gilthead seabream (Sparus aurata) gills. Fig. 9 . Panoramic view of the histopathological effect after detaching of the parasite. Note the lamellar shortening and clubbing at one side and the lamellar fusion at the opposite one. Fig. 10 . Detail of the clubbing. Note the proliferation of chloride cells in Figs. 9 and 10 (arrowheads). Fig. 11 . Panoramic view of a large adult monogenean occupying the space between two primary lamellae and compressing the secondary lamellae. Note the co-infection (epitheliocystis) (arrowhead). Scale bars: Figs. 9, 10 = 40 μm; Fig. 11 = 100 μm. (Grimnes and Jakobsen 1996 , Horton and Okamura 2003 , Wagner and McKinley 2004 , Tsotetsi et al. 2005 . The high mortality found in Discocotyle sagittata-infected farmed rainbow trout was attributed to the induced anaemia (Gannicott 1997) and a correlation between the anaemic condition of Japanese fl ounder and the intensity of infection by N. hirame has been shown (Yoshinaga et al. 2000 , Yoshinaga et al. 2001 , Anshary et al. 2002 . Furthermore, negative relationships between parasite abundance and haematocrit (Montero et al. 2004 , Paperna et al. 1984 , Yoshinaga et al. 2001 , Rubio-Godoy 2004 , and between parasite burden and the condition factor (Shirakashi et al. 2006, Rubio-Godoy and Tinsley 2008a) have been reported mainly in heavy polyopisthocotylean infections. As in experimentally infected amberjacks (Seriola dumerili) (Montero et al. 2004 ), in our CT trials the condition factor was similar in R and CTRL fi sh. Most probably, this indicator is decreased when the intensity of infection is higher than the levels achieved in the experimental transmission.
Another effect of the infection in CT-1 was leucocytosis, mainly due to the signifi cantly higher levels of neutrophils, eosinophils and plasma cells. Although data on the composition of circulating leucocytes in parasitic infections are scarce in fi sh, most reports point to increased levels of leucocytes and some types of granulocytes. This is the case of N. hirame-infected Japanese fl ounder, which showed increased ratios of granulocytes and monocytes/ macrophages in peripheral blood (Nakayasu et al. 2003 (Nakayasu et al. , 2005 . Thus far, several studies have detected specifi c antibodies in fi sh infected by monogeneans, including polyopisthocotyleans, but their involvement in protection is still unknown in most cases (reviewed in Rubio-Godoy 2007). The increased number of plasma cells found in CT-1 R fi sh could be indicative of a probable production of specifi c antibodies against S. chrysophrii. All these data point to the existence of a cell and humoral immune response, but its relevance to the protection of gilthead seabream remains to be established.
The histopathological damage produced by S. chrysophrii in our study was marked and unequivocal compared to that of other pathogens detected in the gills, and similar to that invoked by Z. seriolae in Seriola spp. (Montero et al. 2004 , Mansell et al. 2005 . Each S. chrysophrii clamp grasped only one secondary lamella, in contrast with other polyopisthocotyleans, such as Kuhnia scombri (Llewellyn 1954) and Z. seriolae (syn. Z. japonica) Ogawa 2001, Montero et al. 2004 ) that can attach up to two secondary lamellae. Some polyopisthocotyleans induce strong cellular reactions at the site of the attachment, and this reaction may vary depending on the host and the involved part of the anatomy of the fi sh (González et al. 2004 , Nakayasu et al. 2005 , Rubio-Godoy 2007 . However, no strong local leucocyte reaction was observed in the current study, as also occurred with the Z. japonica in Seriola dumerili (Anshary and Ogawa 2001) . The observation of abundant chloride cells in our infected fi sh could be a response to the ionoregulatory challenge induced by the epithelial injuries provoked by the parasite. Lamellar chloride cell proliferation is a common response of fi sh to enhance the ion transporting capacity of the gill under situations that disturb ionic homeostasis (Sakuragi et al. 2003 , Benli et al. 2008 . However, such a response elicits concurrent detrimental effects on respiratory gas transfer because of a thickening of the blood-to-water diffusion barrier (Perry 1998). In the only available report on the effect of monogenean infections on chloride cells, European seabass (Dicentrarchus labrax) gills parasitized by Diplectanum aequans showed a reduction in the number of chloride cells (Dezfuli et al. 2007 ).
In conclusion, the pathological effects of S. chrysophrii in S. aurata probably result in respiratory dysfunction due to the mechanical lesions and obstruction of water fl ow between gill fi laments by the massive body of the fl ukes and due to the anaemia induced by the haematophagous nature of the parasite and by the haemorrhages provoked by the disruption of the epithelial and vascular structures. As lower food intake has been documented in gilthead seabream with high monogenean burdens (Sitjà-Bobadilla et al. 2006), we cannot discard the possible contribution of anorexia to the anaemic condition of fi sh in such heavy infections.
The present results have demonstrated the ease of S. chrysophrii transmission by two different methods that try to mimic the conditions in sea-cages, and the negative effect of the infection on some blood parameters, even with moderate numbers of parasites per host. Further studies are needed to analyse in depth the mechanisms of anaemia.
